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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#81[1], following agreements were made on Narrowband for MTC..
· A narrowband is defined as a set of contiguous PRBs
· At least for TDD, the same set of narrowbands are specified for both DL and UL
· NOTE: This avoids additional retuning in TDD
· Narrowbands are non-overlapping
· FFS: Some PRBs may not be included in any narrowband
· FFS the location of these PRB(s) (e.g., edge(s), near the center, …)
· The PSS/SSS/PBCH may be in one or more narrowbands. PSS/SSS/PBCH is independent of any narrowbands
· In case a UE needs to monitor PSS/SSS/PBCH of a cell, it can be retuned to the center 72 subcarriers (excluding system DC)
· FFS how the narrowbands are defined across the system BW
· FFS if an offset is allowed for aligning UL narrowbands with legacy PUCCH and/or PRACH

In this document, we discuss narrowband position and collision handling.
Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]Narrowband position and PRB usage
The edges of the uplink system bandwidth PRBs would be used for PUCCH of legacy and Rel.13 MTC UEs in all or almost all subframes. In order to protect them, we propose the PRB offset of narrowbands from the both edges of system bandwidth is indicated by MTC SIB1. 

In order to reduce the DCI overhead, the RB position in a narrowband would be same even when narrowband is hopping for large repetition case. To have the PRB offset of the narrowband from the system bandwidth edge allows the constant RB position in a narrowband.

For TDD, the same set of narrowbands is specified for both DL and UL was agreed in order to avoid additional retuning. Therefore, for DL, the PRBs on edges of system BW are not included in the narrowband same as UL. 

In RAN4 LS[4] on Tx-Rx carrier center frequency separation , RAN4 answered for HD case there is no need to impose restrictions on Tx-Rx separation and further evaluation is needed for the FDD case. If FDD full duplex case requires fixed Tx-Rx carrier center frequency separation, the PRBs on edges of system BW in DL are not included in the narrowband same as UL. Such design has the merits that linkage of DL and UL in a MPDCCH to PUCCH is simple. 

Proposal 1: For UL some PRBs located on edges of system BW are not included in narrowbands in order to protect PUCCH. The PRB offset of narrowbands from the system bandwidth edges is indicated by MTC SIB1.

Collision handling
For center of system BW, the agreement is, in case a UE needs to monitor PSS/SSS/PBCH of a cell, it can be retuned to the center 72 subcarriers (excluding system DC). Therefore, the PRBs with PSS/SSS/PBCH are included in one or more narrowbands. The collision handling mechanism between MPDSCH/MPDCCH and PSS/SSS/PBCH needs discussed. The collision handling between MPDSCH/MPDCCH and CSI-RS needs to be discussed. For uplink the collisiion handling between MPUSCH and PRACH needs to be discussed.
The collision handling can be categorized by brute force puncturing or rate matching and categorized by PRB level or RE level. Thenrefore, followiing four alternatives are possible. By having collision handling below, a narrowband can be sometimes less than 6 PRBs.

Alt1: PRB pair level brute force puncturing 
· Symbol level combining with cross-subframe channel estimation can be supported.
Alt 2: PRB pair level rate matching 
· Symbol level combining with cross-subframe channel estimation cannot be supported. Bit-level or LLR combining can be supported. 
Alt3: RE level brute force puncturing
· The number of usable REs can be maximized.
· Symbol level combining with cross-subframe channel estimation can be supported.
· DMRS are blocked by PSS/SSS/PBCH. Then RE with DMRS is also punctured. MTC UE should demodulate PDSCH with partial DMRS. It causes complicated implementation.
Alt 4: RE level rate matching
· The number of usable REs can be is maximized. 
· For higher condign rate, it improves the performance.
· Symbol level combining with cross-subframe channel estimation cannot be supported. Bit-level or LLR combining can be supported. 

Then we discuss each case separately.
The collision handling between MPDSCH and PSS/SSS/PBCH
RE level brute force puncturing or rate matching requires demodulation with partial DMRS. This causes complicated channel estimation. PRB pair level or RE level rate matching does not allow symbol level combining with cross-subframe channel estimation. Therefore for large repetition, PRB pair level brute force puncturing is suitable. For no/small repetition, the scheduler would be able to dynamically and flexibly avoid to allocate PRBs with PSS/SSS/PBCH. So, any special handling is not necessary.
The collision handling between MPDCCH and PSS/SSS/PBCH
In legacy EPDCCH, a UE is not expected to monitor an EPDCCH candidate, if an ECCE corresponding to that EPDCCH candidate is mapped to a PRB pair that overlaps in frequency with a transmission of PBCH, PSS or SSS  in the same subframe. For no/small repetition, same operation as EPDCCH can be used. For large repetition, PRB pair level brute force puncturing is suitable to support symbol level combining with cross-subframe channel estimation.
The collision handling between MPDSCH and legacy CSI-RS
Legacy CSI-RS doesn’t block DMRS. Therefore, RE level brute force puncturing is suitable for large repetition to support symbol level combining with cross-subframe channel estimation. For no/small repetition, in some cases symbol level combing with cross subframe channel estimation would not be required.  Higher coding rate is required, which means brute force puncturing degrade the performance. Therefore, RE level rate matching should be used for CSI-RS.
The collision handling between MPDCCH and legacy CSI-RS
The same collision handing mechanism between MPDSCH and legacy CSI-RS can be usable.
The collision handling between MPUSCH and PRACH
For large repetition MTC, when valid band information indicates which PRBs are available for MTC [3], PRACH resources are also protected. If valid band indication is not agreed, allocations of PUSCH for MTC UEs are avoided when it collide with PRACH. UE should know all PRACH resource for MTC UE and legacy UE usage. The all PRACH regions are indicated by MTC SIB1. In order to allow symbol level combining with cross-subframe channel estimation, PRB pair level brute force puncturing is proposed. When allocation of PUSCH is only one PRB in a subframe and it collides with PRACH, the PUSCH allocation is skipped in the subframe.
For no/small repetition case, the scheduler can dynamically and flexibly avoid to allocate PRBs with PRACH. So, any special handling is not necessary as similar as collision handling PDSCH and PSS/SSS/PBCH.

Above discussion can be summarized as Table 1
Proposal 2: The collision handling described in table 1 should be used.
[bookmark: _Ref426019982]Table 1. Collision handling among channels
	
	MPDSCH and
PSS/SSS/PBCH
	MPDCCH and
PSS/SSS/PBCH
	MPDSCH/MPDCCH and legacy CSI-RS
	MPUSCH and PRACH

	Large repetition
	PRB pair level brute force puncturing
	PRB pair level brute force puncturing
	RE level brute force puncturing 
	PRB pair level brute force puncturing

	No/small repetition
	Scheduler avoid collision
	Same as legacy EPDCCH
	RE level rate matching
	Scheduler avoid collision




MTC SIB 1 reception and offset indication
The PUCCH region is indicated by pusch-HoppingOffset (SIB2) for legacy UE. For MTC UE, similar higher layer signaling in MTC SIB1 was proposed for frequency hopping for narrowband [2]. The value of indication of PUCCH region in MTC SIB1 is not necessary to be the same value with pusch-HoppingOffset in SIB2. The value indicated in MTC SIB2 can be superset between normal UE's PUCCH and MTC UE's PUCCH. 
MTC SIB1 has the hopping. On the other hand, when MTC SIB1 is received, UE does not receive SIB2 yet. MTC SIB1 hopping pattern and narrowband definition should be known prior to receive MTC SIB1 reception. Therefore, we propose how much the system band edges are reserved for the hopping of MTC SIB1 is determined by the system bandwidth and specification offset. Then the certain conservative offset is reserved.
After the reception of MTC SIB1, the offset of other channels can be indicated in MTC SIB1. Then the amount of the band edge offset can be optimized depending on PUCCH usage by legacy and MTC UEs. The additional offset from the offset MTC SIB1 value can be indicated. The minimum signaling is required to reduce the size of MTC-SIB1. 
The candidates of MTC SIB1 offset and additional offset used other than MTC SIB1 are shown in Table 2. Appendix A shows the narrowband configuration in 5MHz and 10MHz.
[bookmark: _Ref426036372]Table 2 The offset of narrowband
	System Bandwidth (RBs)
	RBG Size
	The offset in the subframe contains MTC SIB1
	Additional offset from the offset in the subframe contains MTC SIB1

	≤10
	1
	0
	-

	11 – 26
	2
	1 for 3MHz (15RBs)
2 for 5MHz (25RBs)
	-1, 0, +1,+2
-2, 0, +1,+2

	27 – 63
	3
	3
	-3, 0, +1,+3

	64 – 110
	4
	4
	-4, -2, 0,+2



Proposal 3: The offset of the hopping of MTC SIB1 is determined by system bandwidth and fixed offset described in the specification.
Proposal 4:  The offset of the other than MTC SIB1 is indicated by MTC SIB 1.

Above proposal means the hopping pattern of MTC SIB1 and the other channels can be different. Then how to manage them needs to be discussed. 
For no/small repetition MTC UE, the scheduler can avoid to allocate PRBs with MTC SIB1 as similar as collision with PSS/SSS/PBCH. So, any special handling is not necessary. 
For large repetition, there are two possibilities. One is subframes with MTC SIB1 are not used MPDSCH. The subframes are used for switching narrowband for frequency hopping (guard period).  The other option is PRB pair level brute force puncturing is applied as similar as PSS/SSS/PBCH.

Relation between narrowband and valid band
In [3], we proposed valid band information should be indicated for MTC. The motivation to indicate which PRBs are available in valid subframes for MTC UE is some PRBs’s usage is unknown or occupied by legacy UEs. For example in case of inter-cell CoMP, some PRBs may not be used due to strong interference from other cells. Narrowband and valid band could cooperate and make UEs know really operated MTC resources. If valid band information is indicated, UEs could know which PRBs in a narrowband are available for MTC operation. Then same handling to solve the collision between PDSCH for MTC and PBCH/PSS/SSS could be reused.
The DL valid band information may or may not be included in MTC SIB1 depending on scheduling situation of MTC-SIBs other than SIB1. The UL valid band information is not indicated in MTC SIB1 in order to reduce the size of MTC SIB1. Therefore, for the protection of PUCCH in all subframes, the offset of narrowband from the both edges of system bandwidth can be indicated in MTC SIB1. For protection of other channels in valid subframes for MTC like D2D, valid band information can be indicated in other than MTC SIB1. We also propose valid subframe in [3]. Narrowband definition is only valid within valid subframes.
Conclusion
In this contribution, we discussed narrowband position and collision handling. We summarize our views through the following proposals:
Proposal 1: For UL some PRBs located on edges of system BW are not included in narrowbands in order to protect PUCCH. The PRB offset of narrowbands from the system bandwidth edges is indicated by MTC SIB1.
Proposal 2: The collision handling described in table should be used.
	
	MPDSCH and
PSS/SSS/PBCH
	MPDCCH and
PSS/SSS/PBCH
	MPDSCH/MPDCCH and legacy CSI-RS
	MPUSCH and PRACH

	Large repetition
	PRB pair level brute force puncturing
	PRB pair level brute force puncturing
	RE level brute force puncturing 
	PRB pair level brute force puncturing

	No/small repetition
	Scheduler avoid collision
	Same as legacy EPDCCH
	RE level rate matching
	Scheduler avoid collision



Proposal 3: The offset of the hopping of MTC SIB1 is determined by system bandwidth and fixed offset described in the specification.
Proposal 4:  The offset of the other than MTC SIB1 is indicated by MTC SIB 1.
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Figure 1 5MHz 25RBs
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Figure 2 10MHz 50RBs
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